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INTROUCTION
The interaction between trade flows and environmental regulations has become quite a topical issue recently. There is a common belief that by applying more lenient environmental regulations, countries tend to reduce production costs of their manufactures and thus improve their ability to export, despite the possibility to become pollution havens. There have been many empirical studies performed in this field, trying to estimate this relationship. Empirical results provide non univocal results supporting this relationship (Antweiler et al., 2001; Bommer, 1999; Copeland and Taylor, 2003; Grether and De Melo, 2003; Letchumanan and Kodama, 2000, Levinson and Taylor, 2004 , among the others). On the contrary, the theory of dynamic competitiveness deriving from technological innovation linked to stringent environmental standards has been exposed fashionably by Porter and van der Linde (1995) .
Even in the case of this second hypothesis results are not univocal, and many additional conditions, rather than only stringency of environmental regulations, provide comparative advantages obtained through technological leadership. These additional conditions include a number of factors, such as the existence of an international framework in which environmental standards are homogeneous, the existence of a long-term perspective, thus reducing investment risks, but above all the possibility to obtain high profit margins from being first comers.
Looking at recent documents published by the European Commission, it seems that the Kyoto Protocol could be an efficient framework of environmental regulation, with an international institutional framework which could reduce uncertainty, increase market demand for environmental-friendly products and technologies, and increase profit incentives for first comers. The existence of the flexible mechanisms in the Kyoto Protocol provides the institutional framework for the functioning of a regulated market where virtuous firms can sell their clean products. At the same time, the necessity to substantially reduce Greenhouse gases (GHG) emissions with domestic measures seems to push towards increasing technical progress within the Annex I countries. In this specific case, there is no complete agreement at international levels about the real costs for industrialized countries related to climate change control policies. Following the position of the United States, the economic impact for domestic firms could be negative, with increasing production costs and loosing international competitive advantages.
On the contrary, the European Union has fully embraced climate change as a global problem where industrialized countries could be the first engine for the development of clean technologies. Considering the EU long-term development strategies, i.e. the Lisbon strategy 3 and the Goteborg Declaration, the EU considers technical progress as a major source of dynamic growth, and environmental regulations can be interpreted as a positive impulse to economic development. Rather than continuing with carbon intensive production processes and products, the European firms should adopt an innovation path oriented towards renewable energies and energy efficiency.
The institutional framework of the Kyoto Protocol in this last years is highly supported by other contingent and structural factors, such as the increasing oil price on the international markets and the increasing concerns for security of energy supply, respectively. For instance, the increasing availability of renewable energies could be a positive factor for industries even without considering the energetic constraints linked to the Kyoto Protocol.
Following this line of reasoning, the availability of renewable energies and energy saving technologies could be a source of cost savings even for developing countries, actually without any bound on GHG emissions, but with high energy costs due to increasing demand for fossil fuels, necessary to sustain fast economic growth processes. This could be the case of emerging countries, in particular Brazil, China and India, where fossil fuels consumption is increasing much more than the increase in fossil fuels production at global level. The reduction of dependence from fossil fuels is strictly linked with reducing pressure on countries (Middle East and African countries above all) that are typically characterized by political instability. The diversification of the energy mix is functional to the reduction of risks and uncertainties, thus reducing long-term costs for firms with energy-intensive production processes.
In this paper we will try to shed some light on this possible virtuous cycle between environmental regulations, increasing competitiveness and technology diffusion analyzing a very specific industrial sector, such as technologies for the production of renewable energies and energy saving. The choice of such a specific focus, and the possibility to test validity of the Porter and van der Linde hypothesis, allows us to understand if the Kyoto Protocol can be really an efficient environmental regulation framework. The empirical model used in this context is based on a gravity equation for international trade flows, following many other empirical studies focusing on the effects of environmental regulation on trade flows.
The rest of the paper is structured as follows: Section 2 gives a brief overview of alternative models analyzing the relationships between environmental regulation, innovation and trade;
Section 3 gives some details of empirical models using gravity equations; Section 4 describes the dataset and the methodology used, while in Section 5 the main empirical results are reported, and Section 6 concludes with some policy implications. 4
ENVIRONMENTAL REGULATION, INNOVATION AND TRADE
The introduction of more stringent environmental regulations has been traditionally seen as potentially harmful for the productivity and competitiveness of the national industry as it leads to higher costs faced by firms. During the last decade, in a context of increasing flows of international trade, this issue has been largely debated. It has been claimed that by applying more lenient environmental regulations, countries tend to reduce production costs of their manufacturers, improving their international competitiveness, but also, potentially becoming what the literature calls "pollution havens" (Copeland and Taylor, 2003) .
However, even if at a first sight, the performance of the economy in which more stringent environmental policies are implemented seems to be definitely harmed, it can be argued that flows of innovation induced by the introduction of severe environmental regulations allow a country to become a net exporter of environmental technologies. In fact, the international spread of regulatory innovations can be accompanied by an expansion of markets for environmental protection technologies. The country that firstly introduced more stringent environmental standards, by increasing the pressure on industry to develop environmentally compatible production processes, can gain consistent advantages in the market for these technologies or environmentally friendly products. The argument, in its most strong formulation, is that the shock produced by a new regulation creates an external pressure on firms, which are fostered to create new products and processes, that positively affect the dynamic behaviour of that economy and hence its competitiveness and the overall social welfare (Porter and van der Linde, 1995) . According to Jaffe et al. (1995) , a weak interpretation of the hypothesis brings to a win-win situation where the stringent environmental regulation will increase private net benefits of firms.
These two contrasting views -the pollution haven effects and the Porter hypothesis -have been subject to a substantial amount of empirical analyses which, however, remained largely inconclusive. On the one hand, most of the empirical studies estimating the existence of a pollution haven hypothesis do not succeed in finding robust support for this argument (Harris et al., 2002; Jug and Mirza, 2005) . Other studies using specific data for the United States find a significant effect of stringency on net imports adopting an endogenously determined environmental stringency variable (Ederington and Minier, 2003; Levinson and Taylor, 2004) .
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However, these results at least cast some doubts on the effective relevance of the Porter hypothesis in its broader formulation. The latter implies that the benefits related to the generation and the diffusion of new technological knowledge, induced by the introduction of more stringent environmental regulation, produce relevant spill-over effects in the whole economic system spurring its productivity and its comparative advantages. Moreover, also the extensive empirical research on the relationship between regulation and green innovation failed to produce clear evidence on the subject also due to poor indicators of both regulation and environmental innovations (Jaffe et al., 1995 (Jaffe et al., , 2005 Jaffe and Palmer, 1997) .
The aim of our analysis is to restrict the attention on a specific type of environmentalfriendly technologies rather than testing the effects of regulation on the generic trade flow.
What we try to find out here is that the introduction of more severe environmental regulations spurs a country's ability to export those technologies abroad. If this research hypothesis is confirmed, the empirical results can shed some lights on the effectiveness of some of the mechanisms underlining the Porter hypothesis that much of the previous literature failed to properly address.
In order to build our empirical investigation we have looked at a narrow set of environmental technologies considering only the energy sector, such as the production of renewable energies and energy saving processes and products. Focusing the attention on this specific sub-set of environmental technologies, we have considered the fact that environmental protection includes a number of different activities, involving both private and public goods.
It is the nature itself of the specific environmental good which conduces towards a multiple set of policy actions, whose efficacy is highly dependent on the chosen mechanism (standards, taxation, market mechanisms, etc. (2003), an inefficient regulation increases compliance costs for firms, thus making it less likely for innovation benefits to offsets costs, thus introducing a systematic bias in empirical studies.
REVIEW OF EMPIRICAL MODELS USING GRAVITY EQUATIONS
Many empirical investigations addressing the relationships between environmental regulation and trade flows have adopted a gravity equation model.
Probably the gravity equation is the most successful empirical trade devise of the last forty years. Applied to a wide variety of goods and factors moving over regional and national borders under different circumstances, it usually produces good fit.
The model was first used by Tinbergen (1962) , and the basic theoretical model for trade between two countries (i and j) takes the form of:
The formulation by Tinbergen (1962) Following Anderson (1979) , it has been increasingly recognized that the gravity equation prediction can be derived from very different structural models, including Ricardian models,
Heckscher-Ohlin models, and increasing returns to scale models (IRS).
As underlined in Evenett and Keller (1998) , when consumers have both identical homothetic preferences and access to the same goods prices, a sufficient condition for obtaining a gravity equation is perfect product specialization (each commodity is produced only in one country).
The three types of trade models differ in the way product specialization is obtained in equilibrium: technology differences across countries (in the Ricardian model), factor proportions (in the H-O model), and increasing returns at the firm level in the IRS model.
As suggested by Hummels and Levinsohn (1995) , something other than IRS is responsible for the empirical success of the gravity equations.
In a constant returns H-O world, bilateral factor proportions differences must be very large in order to ensure that the economies lie outside a common space of diversification and to generate product specialization. Therefore, in the H-O model, trade is mainly (exclusively)
inter-industry trade, explaining the North-South trade. For the IRS model at least some, potentially all, trade is intra-industry trade, explaining the North-North or the South-South trade patterns (Evenett and Keller, 1998) . This might suggest that the gravity equation could be used both for explaining trade flows between countries with large factor proportion differences and for trade partners with high shares of bilateral intra-industry trade.
In order to facilitate empirical computation of the gravity model, eq.
[1] can be transformed in log terms, hence obtaining a linear relationship as follows:
The value of lnG (a constant term) corresponds to the intercept, while the expected value of the coefficient and is not significantly different from 1. The inclusion of the error term ij delivers an equation that can be estimated using econometric techniques.
The empirical model often includes variables to account for other aspects than GDP and population, such as price levels, language relationships, tariffs, spatial contiguity, and colonial history.
The following major explanations try to highlight the importance of distance in trade flows: On the other side, empirical findings of the Porter hypothesis are mainly based on specific industries rather than a broad sector or economic system, because it is necessary to identify more precisely conditions and parameters for an industry to profit from stringent regulation (Wagner, 2003) . In this sense, Albrecht (1998) has focused his analysis on specific industries affected by the Montreal Protocol on Ozone-Depleting Substances (e.g., refrigerators, freezers, air conditioning equipments, etc.), and he provides evidence on the Porter hypothesis for two countries, Denmark and the United States. The choice of an international regulatory framework such as the Montreal Protocol is in line with the reduction of biases related to inefficient environmental standards. In the same venue, Murty and Kumar (2003) analyse the influence of environmental regulation on the productive efficiency of specific firms in water-polluting industries in India, finding that the higher is firms' compliance, the lower is the technical inefficiency of the firm, thus lending support to the Porter hypothesis.
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Finally, from the meta-regression analysis provided by Mulatu et al. (2001) , there emerges that econometric studies based on gravity equation models seem to provide less evidence in favour of the pollution haven hypothesis, thus indirectly supporting the Porter hypothesis.
EMPIRICAL MODEL AND DATASET
The empirical formulation of the gravity equation used in this paper is quite similar in the formal structure to other gravity equations used for the analysis of the impact on trade flows related to environmental stringency.
The exporting countries for this analysis (our i countries in the gravity equation) are:
Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, United States. The sample for j countries includes 148 countries (including OECD countries).
The time period analyzed goes from 1996 to 2005 (unfortunately in most of the countries there are data only until 2004).
The exact formulation of the gravity equation analyzed in a panel context is as follows: Table A2 ). In the OECD document the list includes all processes and products with the principal purpose of environmental protection. In this paper we have restricted the sample covering only technologies for the energy sector. This methodological choice strictly derived from the general framework of this study, where we are investigating the role of environmental regulation in stimulating technical progress in a context of a properly designed institutional framework. Moreover, considering the energy sector, and indirectly the Kyoto Protocol framework, what we are interested in is the OECD (and the EU particularly) area rather than an enlarged countries sample (Brazil for biofuels 10 for instance). Increasing the country sample and the typologies of HS codes could be the next research task. Finally, there is some scepticism on using national competitiveness measures (such as export flows or Foreign Directs Investment patterns) rather than more direct measures of productivity improvements in order to assess the effect of environmental regulation on firm's economic performance (Jaffe et al., 1995) . A narrower definition of the economic sector -as the specification here adopted -allows partially reducing this bias.
The variables included in the vectors of independent covariates are the following (see the Appendix Table A1 for the exact definition, the acronym and the data source for each following the methodology adopted by Archibugi and Coco (2004) . In this way, we have considered the capacity of the whole economic system to use and adopt the imported technologies, rather than the capacity to reproduce them (for the specific formulation of the ArCo index see the Appendix). 
EMPIRICAL RESULTS
The results of our empirical investigation show that a gravity equation model is a good framework of analysis to test our hypotheses. The first 2 columns of Table 1 Table 1 show that environmental regulation plays an important role in shaping the bilateral export flows of environmental-friendly technologies in the energy sector. The coefficients associated to the more relevant proxies of environmental stringency (CURE and CO 2 ) are in fact strongly significant and show the expected signs. While for the variable explaining efforts in environmental protection (CURE) the higher the value the more stringent is environmental regulation, CO 2 emissions should be considered as an indirect proxy of environmental standards. If a country is applying stringent (and efficient) environmental regulation, the level of CO 2 emissions will be lesser. In this case we have adopted CO 2 emissions because there is a complete dataset for this pollutant for all the countries and years analysed, thus allowing the largest sample easy to estimate. Moreover, in this case we can consider environmental regulation even for the importing countries, thus exploring the hypothesis that even the standards in the receiving countries could be possible drivers of technological diffusion. Finally, CO 2 emissions are closely related to the Kyoto Protocol commitments (our properly designed environmental regulation) and this is, at the best of our knowledge, the only proxy variable giving an approximation of countries' efforts to respect Kyoto abatement targets. The expected sign for CO 2 related to country j is correct in all the three models, but it is never statistically significant, thus not confirming that this could be a driver for technological imports.
Summing up, we could say that CURE is the variable which better represents the efforts made by private firms (compliance costs) to respect environmental regulation, while CO 2 emissions are a proxy of the overall national efforts to respect the standards.
>> INSERT TABLE 1 AROUND HERE <<
The second step of our empirical analysis is to introduce in our econometric model technological variables which account for the strength of national innovation systems (ENEPAT, TOTPAT, and RD). The results reported in Table 2 confirm our hypothesis that the national innovative capacity of exporters plays a crucial role in affecting their ability to penetrate the international market for energy technologies. In order to test the robustness of our results we have performed different specifications of the model, using alternative measures of both environmental regulations' stringency and of technological competencies.
In Columns 1-3 we show the results for the models in which CO 2 has been used as a proxy estimator we conclude that the potential bias in our previous estimates is of minor relevance here.
CONCLUSIONS
In this paper we have tested an empirical model based on a gravity equation in order to provide evidence of the relevance of the Porter and van der Linde hypothesis. Empirical results show that a more stringent environmental regulation provides a positive impulse for increasing investments in advanced technological equipments, thus providing an indirect source of comparative advantages at international level. Countries with stringent environmental standards have a higher export capacity for those environmental-friendly technologies that regulation induces to adopt. Far from contrasting empirical results on the existence of a pollution haven effects, the aim of the paper was to test if a proper institutional framework such as a properly designed environmental regulation could be considered as a positive impulse to competitiveness rather than a limit to economic development. Applying a gravity equation on a very specific definition of environmental technologies, focusing on the energy sector, what strongly emerges is the positive effects of both environmental regulation and the effectiveness of national innovation systems. These results seem to reinforce the European strategies addressed in the recent policy papers edited by the Commission (EC, 2004 (EC, , 2006a (EC, , 2006b (EC, , 2007 where environmental protection and energy security initiatives could be well integrated in the wider Lisbon strategy for economic growth, innovation and employment.
The next research agenda would include, among the other, the construction of a direct environmental regulation measure valid for all the OECD countries (and not only for the European Union), the construction of a more general dependent variable including all high technology environmental protection activities, and finally the realization of a system of equations in order to analyse the possible endogenous mechanisms involving the innovation system and the regulatory framework. As we can see, the formulation of the ARCO index is based on the same methodology adopted for the HDI, where the observed values are normalised by a minimum and maximum value. In this case the minimum value is always equal to zero, while the maximum value has been taken in the whole time period/countries sample considered in this work. This formulation gives the possibility to account for temporal changes at country level, as well as the methodology adopted by UNDP for the HDI. Following the UNDP methodology, the component related to telephone users has been considered in a logarithm form, creating "a threshold above which the technological capacity of a country is no longer enriched by the use of telephones" (Archibugi and Coco, 2004, p. 635 
